DIVERSITY RECEIVER 



BACKGROUND OF THE INVENTION 

Field of the Invention 

5 The present invention relates to a diversity reception technology for wireless 

systems using a direct spread spectrum communication method. 
Description of the Related Art 

In mobile communications, fading occurs in a multipass environment. If 
fading occurs, the received input is subjected to significant level fluctuations and 

10 phase fluctuations of several tens of dB. As a result, a code error frequently occurs 
in digital transmission. Diversity reception methods were suggested as a fading 
countermeasure. Among such methods, antenna switching diversity is suitable for 
wireless systems requiring simplification of system structure, such as mobile 
stations. Japanese Patent Application Laid-open No. 2003-46418 disclosed a 

15 technology by which in a wireless system using spread spectrum communication, 
antenna switching is conducted by comparing a threshold value and an average 
maximum correlation value which is output by a matched filter, per 1 frame, thereby 
enabling diversity communication with excellent SNR (Signal to Noise Ratio). This 
technology is more effective than the method using RSSI (Receive Signal Strength 

20 Indicator) with respect to resistance to wave interference and even more effective 
in a band where a large number of wireless systems are co-present, for example, 
an ISM band (2.4 GHz band). 

However, with the above-described prior art technology, it was impossible to 
predict the fading fluctuations and to conduct antenna switching before the 

25 reception signal level drops. In wireless communication under fading environment, 
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it is important to predict fading fluctuations in advance and to conduct antenna 
switching before the reception signal level drops. 

SUMMARY OF THE INVENTION 
Accordingly, it is an object of the present invention to provide a diversity 
5 receiver capable of increasing the diversity gain by predicting fading fluctuations 
and conducting antenna switching. 

In order to resolve the above-described problems, the diversity receiver in 
accordance with the present invention comprises a plurality of antennas for 
diversity receiving wireless signals that were subjected to direct spread modulation, 

10 an antenna switch for selecting any one of the plurality of antennas and conducting 
connection switching thereof, a demodulator for demodulating the wireless signals 
received via the antenna connected by the antenna switch and obtaining a spread 
spectrum signal, correlation value detection means for finding a correlation value of 
the spread spectrum signal and a spread code for demodulation, a mean value 

15 computation unit for finding a mean SNR of the received signal by converting the 
maximum correlation value which is output by correlation value detection means 
per 1 frame, storage means for storing the mean SNR, an estimation unit for linear 
prediction of the SNR of the received signal based on the time series data of the 
mean SNR stored in storage means, and a level comparator for comparing the 

20 SNR of the received signal that was predicted by the estimation unit with a 

threshold value and outputting a control signal for conducting antenna switching to 
the antenna switch. In accordance with the present invention, fading fluctuations 
can be predicted and antenna switching can be conducted before the received 
signal level drops, by estimating the SNR of the received signal. As a result, the 

25 diversity gain can be increased. 
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In the diversity receiver in accordance with the present invention, the 
estimation unit preferably estimates the SNR of the received signal by secondary 
interpolation conducted by curvilinear regression when the number of time series 
data of the mean SNR stored in said storage means is 3 or more. Estimating the 
5 SNR of the received signal by secondary interpolation conducted by curvilinear 
regression can increase the SNR estimation accuracy. 

In the diversity receiver in accordance with the present invention, the 
estimation unit preferably estimates the SNR of the received signal by primary 
interpolation conducted by linear regression when the number of time series data of 
10 the mean SNR stored in the storage means is 2. Because primary interpolation 
allows the estimation of the SNR of received signal to be conducted faster than the 
secondary interpolation, the estimation of fading fluctuations is conducted 
effectively. 

In the diversity receiver in accordance with the present invention, the level 
15 comparator preferably compares the mean SNR stored in storage means with a 
threshold value when the time series data number of the mean SNR stored in 
storage means is 1 and outputs a control signal for conducting antenna switching to 
the antenna switch. When the time series data number of the mean SNR stored in 
storage means is 1 , linear prediction of the SNR of the received signal is impossible. 
20 Therefore, estimation of SNR can be conducted even faster than with the primary 
interpolation by comparing the mean SNR stored in the storage means with a 
threshold value. 

In the diversity receiver in accordance with the present invention, the 
estimation unit preferably zero clears the time series data of the mean SNR stored 
25 in the storage means each time the antenna is switched. The accuracy of SNR 
estimation for the received signal can thus be increased. 



BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a functional block diagram of the diversity receiver of the first 
embodiment; 

FIG. 2 is a flow chart illustrating the SNR estimation processing of the first 
5 embodiment; and 

FIG. 3 is a functional block diagram of the diversity receiver of the second 
embodiment. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Embodiment 1 

10 FIG. 1 is a functional block diagram of the diversity receiver used in the 

direct spread spectrum communication system. As shown in the figure, a diversity 
receiver 10 is composed mainly of a plurality of antennas 1 1 , 12, an antenna switch 
13, a primary demodulator 14, a matched filter 15, a peak detector 16, a clock 
regenerator 17, a data evaluation unit 18, a frame separator 19, a SNR estimation 

15 unit 20, a level comparator 24, and a control unit 25. 

In direct spread spectrum communication, a spread spectrum signal of a 
base band is generated by multiplying the data which is to be transmitted by a 
spread code. At the transmitting side of the spread spectrum communication 
system, a wireless signal obtained by modulating the propagating wave (carrier) 

20 with this base-band spread spectrum signal (chip data) is transmitted. This 
wireless signal arrives at antennas 11, 12. The primary demodulator 14 
demodulates the wireless signal received via the antenna 11 or 12 selected by the 
antenna switch 13 and supplies the chip data as a detection output to the matched 
filter (correlation value detection means) 15. The matched filter 15 finds a 

25 correlation value of the chip data and the spread code for demodulation having the 
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pattern identical to that of the transmission side and outputs the maximum 
correlation value at a frequency equal to the bit rate of the transmitted data. 

If the peak detector 16 detects a maximum correlation value (peak value) in 
a 1 bit interval of the received base-band spread spectrum signal, it outputs the 

5 detected pulse signal to the clock regenerator 17. The clock regenerator 17 
regenerates the clock based on the detected pulse signal and outputs it into the 
data evaluation unit 18. The data evaluation unit 1 8 conducts regeneration of the 
transmitted data by identifying the output value of the matched filter 1 5 by the clock 
timing of a digital phase synchronization circuit (DPLL) composed of the peak 

10 detector 16 and clock regenerator 17. The restored bit data is incorporated as a 
frame data by the frame separator 1 9 and supplied to a last-stage circuit. The 
frame separator 19 supplies a frame timing signal to a mean value computation unit 
21 and a level comparator 24. 

The output signal of the peak detector 16 is a peak value for each one 

15 symbol in the matched filter output signal and, therefore, means an instantaneous 
SNR. The SNR estimation unit 20 is a circuit for conducting the estimation of SNR 
by using the matched filter output signal and outputting the estimated value into the 
last-stage level comparator 24, this circuit comprising the mean value computation 
unit 21 and the estimation unit 22. The mean value computation unit 21 finds the 

20 mean value of the peak level (mean SNR) by converting the peak level per 1 frame 
based on the enable signal (a frame timing signal supplied from the above- 
mentioned frame separator 19) designating the interval for computing the mean 
value of SNR. The mean computation unit 21 outputs the mean SNR of the 
received frames to the estimation unit 22 per each 1 frame. The estimation unit 22 

25 comprises a shift register (recording means) and writes the data value of the mean 
SNR supplied from the mean value computation unit 21 in a time series mode. The 



estimation unit 22 estimates the SNR of the next frame which is to be received, by 
conducting linear prediction based on the time series data of the mean SNR written 
into the shift register 23. 

FIG. 2 is a flow chart illustrating the SNR estimation processing routine. The 
5 SNR estimation unit 20 executed this routine repeatedly with the prescribed interval. 
In this routine, the mean SNR is first computed by the mean value computation unit 
21 (step S1). Then, the estimation unit 22 stores this mean SNR in the shift 
register 23 (step S2) and checks which of "0", "1", "2" is the counter value (step S3). 
Here, if we assume that the mean SNR for N frames has been stored in the shift 

10 register 23, then the counter = 0 when N = 0, the counter = 1 when N = 1 , and the 
counter = 2 when N >2. 

Now, when the counter = 0, only the mean SNR that was stored in step S2 is 
stored in the shift register 23. In other words, because the time series data number 
of the mean SNR stored in the shift register 23 is 1 , the SNR of the next frame 

15 which is to be received cannot be predicted by linear prediction. Accordingly, in 
this case, the mean SNR stored in the shift register 23 is output into the level 
comparator 24 as a value for comparison with a threshold value serving as a 
reference for antenna switching (step S4). The estimation unit 22 then increments 
the counter by "1" (step S5). 

20 When the counter = 1 , the mean SNR that was stored in step S2 and the 

mean SNR for 1 frame received heretofore are stored in the shift register 23. In 
other words, because the time series data number of the mean SNR stored in the 
shift register 23 is 2, the estimation unit 22 conducts primary interpolation by linear 
regression by using the mean SNR for 2 frames and estimates the SNR of the next 

25 frame which is to be received. The estimated value is output to the level 

comparator 24 as a value for comparison with a threshold value serving as a 



reference for antenna switching (step S6). The estimation unit 22 then increments 
the counter by "1" (step S7). 

When the counter = 2, the mean SNR that was stored in step S1 and the 
mean SNR for no less than 2 frames received heretofore are stored in the shift 
5 register 23. In other words, because the time series data number of the mean SNR 
stored in the shift register 23 is 3 or more, the estimation unit 22 conducts 
secondary interpolation by curvilinear regression by using the mean SNR for the 3 
or more frames and estimates the SNR of the next frame which is to be received. 
The estimated value is output to the level comparator 24 as a value for comparison 

10 with a threshold value serving as a reference for antenna switching (step S8). 

The comparator 24 compares a threshold value stored in the control unit 25 
and the value (when the counter = 0, a mean SNR of the received frame that was 
received just before the comparison; when the counter = 1,2, the estimated SNR 
predicted by the primary or secondary interpolation) supplied from the estimation 

15 unit 22, and when the mean SNR or estimated SNR is below the threshold value, 
outputs a control signal instructing the antenna switch 13 to conduct antenna 
switching. Furthermore the level comparator 24 controls the timing of antenna 
switching so that it is conducted within the guard time of the received frame, by 
acquiring a frame timing from the frame separator 19. Conducting antenna 

20 switching within the guard time makes it possible to suppress the generation of 
antenna switching noise. 

The estimation unit 22 checks as to whether the antenna switching has been 
conducted (step S9). If the antenna switching has been conducted (step S9; YES), 
the estimation unit 22 zero clears (deletes) the shift register 23 (step S10) and then 

25 zero clears (resets) the counter (step S1 1), and the processing flow returns to step 
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S1 . On the other hand, if no antenna switching has been conducted (step S9; NO), 
the processing flow returns to step S1. 

In the above-described explanation, the SNR was estimated by means of 
secondary interpolation by curvilinear regression and primary interpolation by linear 

5 regression, but the method for estimating the SNR is not limited to this method and 
a variety of estimation methods can be used for this purpose. 

With the above-described embodiment, conducting linear prediction of SNR 
of the frame which is to be received next based on the time series data on the 
mean SNR of the frames that have been received in the past makes it possible to 

10 carry out antenna switching by predicting in advance the fall of the received signal 
level due to fading fluctuations. Furthermore, when the shift resistor 23 is cleared 
immediately after the antenna switching, in the SNR estimation using only the 
secondary interpolation, a minimum time of 3T is required to estimate the SNR of 
the received frame, where T is the time needed to compute the mean SNR, 

15 whereas with primary interpolation, a 2T time is sufficient to estimate the SNR of 
the received frame. If the mean SNR of the preceding received frame is used 
additionally, then the estimation can be conducted with a T time. When f d T is small 
(f d is a Doppler frequency of fading), then fading fluctuations during mean SNR 
computation can be ignored. Therefore, even if the shift register 23 is cleared 

20 immediately after the antenna switching, as in the present embodiment, sufficient 
measures can be taken against fading fluctuations by conducting the antenna 
switching control based on comparison of the threshold value and the SNR value 
estimated by using primary interpolation, or based on comparison of the threshold 
value and the mean SNR of the frame that was received just before the comparison. 

25 

Embodiment 2 
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FIG. 3 is a functional block diagram of a diversity receiver in a M-ary/DS 
system. As shown in the figure, a diversity receiver 30 mainly comprises a plurality 
of antennas 1 1 , 12, an antenna switch 13, a primary demodulator 14, a total of N 
matched filters 15-1, 15-2, .... 15-N, a peak detector 16, a clock regenerator 17, a 

5 data evaluation unit 18, a frame separator 19, a SNR estimation unit 20, a level 
comparator 24, a control unit 25, and a maximum value detection unit 26. 

The primary demodulator 14 demodulates the wireless signal received via 
the antenna 11 or 12 selected by the antenna switch 13 and outputs the chip data 
as a detection output. A total of N matched filters 15-1, 15-2, 15-N arranged in 

10 parallel, the number thereof corresponding to the M-ary system series number N, 
are connected to the last stage of the primary demodulator 14, and chip data is 
supplied to each matched filter 15-1, 15-2, 15-N. The maximum value detector 
26 selects the maximum value from each output signal of matched filters 15-1 , 15- 
2, ... , 15-N for each sample data and outputs it to the peak detector 16. The peak 

15 detector outputs the maximum value of the output signals of matched filters within 1 
symbol and the detection timing thereof to the clock regeneration unit 17 and SNR 
estimation unit 20. The supply of symbol clock regenerated in the clock 
regenerator 17 is received by the data evaluation unit 18 and data evaluation is 
conducted from the output signals of all the matched filters 15-1, 15-2, 15-N. 

20 The evaluated symbol data is included as frame data by the frame separator 19 
and supplied to the circuit of the last stage. The SNR estimation unit 20 comprises 
a mean value computation unit 21 and an estimation unit 22. Because SNR 
estimation processing of received signals in the SNR estimation unit 20 and the 
antenna switching control in the level comparator 24 are conducted in the same 

25 manner as in the above-described first embodiment, detailed explanation thereof is 
omitted. 



The diversity gain of the diversity receiver 30 under the Rayleigh fading 
environment was measured and evaluated. The mean SNR was compared with a 
threshold value at BER = 1 .Oe-3 and an about 4 dB improvement in Eb/NO was 
obtained over the conventional technology (Japanese Patent Application Laid-open 
No. 2003-46418) for controlling the antenna switching. This was the result of 
conducting antenna switching after estimating the fall of the received signal level by 
linear prediction in the SNR estimation unit 20, and the possibility of estimating the 
fading fluctuations was thus confirmed. Furthermore, using a method employing a 
combination of the method for controlling the antenna switching by estimating the 
SNR by primary interpolation in addition to secondary interpolation and the method 
for controlling the antenna switching by comparing the mean SNR of the frame that 
was just received with a threshold value made it possible to obtain an about 0.5 dB 
improvement per BER = 1 .Oe-4 - 1 .Oe-3 over the method for controlling the 
antenna switching by estimating the SNR by means of conducting only the 
secondary interpolation immediately after the antenna switching has been 
conducted, and this combination method was confirmed to be effective for SNR 
estimation under fading environment. 
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